Idiopathic normal pressure hydrocephalus (iNPH) is a neurodegenerative disease of unknown cause. We investigated the morphology of capillaries in frontal cortex biopsies from iNPH patients and related the observations to overnight intracranial pressure (ICP) scores. A biopsy (0.9Â10 mm) was taken from where the ICP sensor subsequently was inserted. Brain capillaries were investigated by electron microscopy of biopsies from 27 iNPH patients and 10 reference subjects, i.e. patients (not healthy individuals) without cerebrospinal fluid circulation disturbances, in whom normal brain tissue was removed as part of necessary neurosurgical treatment. Degenerating and degenerated pericyte processes were identified in 23/27 (85%) iNPH and 6/10 (60%) of reference specimens. Extensive disintegration of pericyte processes were recognized in 11/27 (41%) iNPH and 1/10 (10%) reference specimens. There were no differences in basement membrane (BM) thickness or pericyte coverage between iNPH and reference subjects. The pulsatile or static ICP scores did neither correlate with the BM thickness nor with pericyte coverage. We found increased prevalence of degenerating pericytes in iNPH while the BM thickness and pericyte coverage did not differ from the reference individuals. Observations in iNPH may to some extent be age-related since the iNPH patients were significantly older than the reference individuals.
INTRODUCTION
Idiopathic normal pressure hydrocephalus (iNPH) is characterized by unsteady gait, urinary incontinence, dementia, enlarged cerebral ventricles, as well as cerebral blood and cerebrospinal fluid (CSF) circulation disturbance (1) . It is one subtype of dementia that may be treated successfully by surgical CSF diversion (2, 3) , which treatment as well normalizes the reduced cerebral blood flow (4) . The prevalence of cardiovascular diseases and diabetes mellitus is increased in iNPH (5) , but the underlying pathophysiology is unknown.
The human brain makes up only 2% of the total body mass but consumes approximately 20% of the oxygen and glucose supply, and even minor restrictions may be injurious (6, 7) . The capillaries are organized in neurovascular units, comprising a capillary connected to adjacent neurons and astrocytes as well as interposed pericytes (6, (8) (9) (10) . A distinct basement membrane (BM) lines the abluminal aspects of the endothelial cells and further completely encloses pericytes. The latter cells can dilate and constrict brain capillaries independently of arterioles (6) (7) (8) . A neuron, when turning active, increases the blood flow and thereby the supply of oxygen and nutrients to match the elevated demand through the local neurovascular unit, a process named neurovascular coupling or functional hyperemia. The pericytes play a key role in regulating the functional hyperemia and rapidly adapt the nervous tissue to prevailing metabolic demand. Pericyte degeneration in humans is reported to lead to neurovascular uncoupling, limiting the oxygen and nutrient supply and to be associated with the development of neurodegenerative disorders including Alzheimer disease (6) (7) (8) (9) 12) .
We recently demonstrated astrogliosis and reduced expression of aquaporin-4 (AQP4) and dystrophin (Dp71) in astrocytic perivascular endfeet in brain biopsies from iNPH patients, contrasting to the prominent immunoreactivities of the latter 2 factors in the control specimens (13) . These results raise the question whether such alterations in the astrocytic From endfeet also included abnormalities of the capillary pericytes and of the BM, tentatively hampering the neurovascular coupling and eventually resulting in neurodegeneration and dementia. However, it is not known to what extent the transport and clearance of water, nutrients, metabolites, and solutes within the brain parenchyma is disturbed and whether the socalled glymphatic system is also affected (14) .
One characteristic feature of iNPH patients responding favorably to CSF diversion is that continuous monitoring of the intracranial pressure (ICP) reveals abnormal pulsatile ICP, i.e. the pressure changes created by the cardiac contractions are abnormal (3, 15) , but being normalized by CSF diversion, which is accompanied by clinical improvement (16, 17) . Given the increased prevalence of cardiovascular disease in iNPH (5), the elevated pulsatile ICP seen in iNPH patients might in part be caused by impaired vascular compliance, involving changes at the glia-vascular interface. In particular, given the role of pericytes for pulsatile capability of capillaries, we hypothesize that pericytes may be affected in iNPH.
With this background, we hypothesized that the brain capillaries were altered in iNPH patients responding to CSF diversion. Cerebral tissue specimens from iNPH patients undergoing overnight ICP monitoring were processed for electron microscopy (EM) and analyzed with respect to BM thickness, pericyte morphology, and pericyte coverage. Tissue from patients not presenting with CSF circulation failure (reference, Ref) served as "controls" though likely not normal in all aspects. Moreover, the ultrastructural findings were related to overnight measurements of pulsatile and static ICP.
MATERIALS AND METHODS

Study Design and Patients
A prospective study was performed to compare ultrastructure of cerebral capillary pericytes, BM structure and thickness, and pericyte coverage in patients submitted to clinical assessment for iNPH, and Ref patients undergoing neurosurgery for other reasons such as epilepsy, cerebral aneurysm clipping, or cerebral tumor removal. None of the latter patients had any obvious CSF circulation failure. 
Patient Management
The iNPH patients followed the routine management within the department. They are usually referred from local neurologic departments because of clinical symptoms indicative of iNPH combined with radiologic evidence of ventriculomegaly. We use overnight monitoring of pulsatile and static ICP to aid in management. Following overnight ICP monitoring, surgery for CSF diversion (shunt surgery) was offered to patients with clinical and radiologic iNPH, combined with increased pulsatile ICP, according to previously described thresholds (3). Following surgery, the patients were followed at the out-patient clinic. Severity of symptoms indicative of iNPH was assessed using a NPH grading scale (3).
Placement of ICP Sensor and Brain Tissue Sampling
The procedure of implanting an ICP sensor has previously been described (3) . Overnight monitoring of pulsatile and static ICP was done within the ward.
The placement of ICP monitor and brain biopsy was done on Day 2. In the operation room, under local anesthesia a skin incision was performed frontally on the right side, a small burr hole of approximately 1 cm diameter was made and the dura opened. First, a disposable Nashold Biopsy Needle (Integra Radionics, Burlington, MA) was introduced immediately below the right frontal cortical surface and a biopsy (0.9 mm Â10 mm) aspirated through the needle. A solid ICP sensor (Codman MicroSensor, Johnson & Johnson, Raynham, MA) was tunneled subcutaneously, zeroed against the atmospheric pressure and introduced 1-2 cm into the frontal brain parenchyma via the small cortical opening already established by the biopsy. After wound closure, the patient returned to the neurosurgical ward, and ICP monitoring continued overnight from Day 2 until Day 3.
Overnight ICP monitoring was done using a computerized system (Sensometrics software, dPCom AS, Oslo, Norway), as previously described (18) . The continuous ICP waveforms were sampled at 200 Hz. The software performs automatic recognition of the cardiac-induced single ICP waves and differentiates against artefact waves. The amplitude (pressure difference between diastolic minimum and systolic maximum pressures [dP]), rise time (time difference from diastolic minimum until systolic maximum pressures [dT]), and rise time coefficient (slope from diastolic minimum to systolic maximum pressures [dP/dT]) were determined for each single ICP wave. Subsequently, based on the identified cardiacinduced ICP waves, for each subsequent 6-second time window was determined mean ICP wave amplitude (MWA), mean ICP wave rise time, and mean ICP wave rise time coefficient, as well as the mean absolute ICP (mean ICP).
For best possible comparison of ICP scores between patients, we have selected a standardized recording time (11 PM to 7 AM) with the patient lying supine in bed. According to our previous experience, we define abnormal pulsatile ICP during overnight monitoring as average MWA !4.0 mm Hg and/or MWA >5.0 mm Hg in >10% of recording time (3 
Tissue Fixation and Storage
The biopsies were immersion fixed in 0.1 M phosphate buffer containing 4% paraformaldehyde and 0.25% glutaraldehyde and kept in the fridge overnight. They were then transferred to the same fixative diluted 1/10 in phosphate buffer and stored in this solution until further processed.
Preparation for Electron Microscopy
Small blocks were cut from the biopsies and subjected to freeze substitution and infiltration in Lowicryl HM20 resin (Polysciences Inc., Warrington, PA, Cat15924). Sections of 80 nm were cut, using a Reichert ultramicrotome (Vienna, Austria) and subsequently mounted on nickel grids. The sections were then counterstained.
Electron Microscopy
Overview images of capillaries were recorded, at magnifications of 8200-20 500 in 2048 Â2048 Â8 bit, with a Fei Tecnai 12 transmission electron microscope (FEI Company, Hillsboro, OR). The images were acquired with analySIS image analysis software (Soft Imaging Systems, Münster, Germany). The same software was used for the assessment of pericyte coverage and BM thickness.
Assessment of Microvascular Structure
A cortical capillary was defined as a vascular structure with an inner diameter 8 mm with the lumen bordered by thin layer of endothelial cells (1-2 per circumference), which abluminally was delimited by a BM, which further completely enclosed pericytes (cell body and processes) (8, 9, (19) (20) (21) (22) . Degenerating pericytes had condensed or swollen mitochondria, condensed aggregates of cytoskeletal structures, and/or numerous vesicles. In the BM, vacuoles with variable amount of debris mostly lacked delimiting membrane, but if so they were interpreted as degenerating pericyte processes. Astrocytic perivascular processes were identified by their position along the abluminal border of the BM, enclosing the microvessel. Furthermore, the structure of the astrocyte processes was compared with that observed on the same brain biopsies regarding astrocytes and their perivascular processes as identified by light and electron microscopic immunohistochemical demonstration of the specific astrocyte marker AQP4 (23) .
For the assessment of BM thickness, the BM membrane between astrocytic endfeet and endothelial cells (BM E ) and the one between endfeet and pericytes (BM P ) were measured separately ( Fig. 1 ). Measurements were done around each capillary at an interval of 1-2 mm, and only at sites where the morphologic quality was sufficient to obtain reliable measures. Average values of BM E and BM P were obtained for each capillary. The inclusion criterion was minimum 3 measures. Distorted and deficient microvessels found at the periphery of the biopsies were avoided.
For measurement of pericyte coverage, the perimeter of the capillary endothelium and the parts of it lined by pericytes were measured (Fig. 1 ). The pericyte coverage was then dividend between the sum of all perimeter segments lined by pericytes and the entire perimeter length.
Statistical Analysis
The SPSS software version 24 (IBM Corporation, Armonk, NY) was used for statistical analyses. We determined differences between continuous data using independent samples t-tests, and between categorical data using Pearson's v 2 test. Correlation between variables was determined by the Pearson correlation coefficient. Statistical significance was accepted at the 0.05 level.
RESULTS
Patient Material
The study included 27 iNPH patients and 10 Ref patients in whom EM sections suitable for morphologic analysis were available. Continuous overnight recordings of pulsatile and static ICP were accessible for all iNPH patients. The demographic and clinical information is presented in Table 1 . Among the 27 iNPH patients, 24 underwent surgical treatment and these 24/24 individuals were clinical responders. Three NPH patients were managed conservatively.
ICP Scores
The pulsatile and static ICP scores are presented in Table Neither with regard to pericytes coverage did we find any statistically significant differences between groups (Table  3) . Individual results for the iNPH patients are presented in Supplementary Data Table S1 and for the Ref subjects in Sup  plementary Data Table S2 .
Aggregates of membranes, vesicles and amorphous debris located within the BM, often in vacuoles, were considered to represent residues of degenerating and disintegrated pericytes (Fig. 2) . The degree of vacuolization was not statistically different between groups. However, the proportion of J
individuals with splitting of BM was higher in the iNPH cohort (Table 3) . None of the patients showed morphologic evidence of breakdown of the BBB. The pericyte cell bodies appeared with rare exceptions normal, but processes were to a variable, mostly high, extent degenerating, and/or disintegrating (Fig. 2) . The criteria for considering pericyte processes as degenerating and/or disintegrating were that the process or its remnants were containing cell debris and situated within the BM (8, 9, 21, 22) (Fig. 2) . The extent of pericyte degeneration was termed "focal" if 1 or 2 areas involved less than 50% of the capillary's circumference (Fig. 2) . Extensive degeneration was prevalent when at least 3 areas with degeneration and/or involved more than 50% of the vessel circumference. The results are presented in Table 3 , and disclose that only 4/27 iNPH biopsies lack signs of pericyte degeneration while 23/27 showed either focal or extensive degeneration. In contrast, 4/10 Ref samples were considered as normal while 5/10 and 1/10 showed focal and extensive pericyte degeneration, respectively (Table 3) . A striking feature was that normal-looking pericyte cell bodies were recognized adjacent to clusters of debris, indicating that pericyte processes likely could disintegrate close to morphologically intact cell bodies (Fig. 2) . Inflammatory cells or parts thereof could neither be recognized within the BM from iNPH nor from Ref specimens. Furthermore, all vacuoles were completely enclosed by the BM and none could be observed to pass its limits. No macrophages could be spotted in any of the BM in iNPH.
Association Between BM Thickness and Age
There was a highly significant correlation between age and thickness of BM P (Fig. 4A ) and close to significant for BM E (Fig. 4B) . Thus, the BM becomes thickened with increasing age.
Presence of Diabetes and Hypertension
Versus BM Thickness BM P thickness was close to significantly increased among individuals with arterial hypertension (279.5 þ 95.0 vs 224.5 þ 73.6 nm; p ¼ 0.065). Differences regarding BM E or pericyte coverage were not significant between individuals with/without arterial hypertension.
Association Between BM Thickness and ICP Scores
None of the pulsatile or static ICP scores listed in Table  2 associated with the measures of BM thickness or pericyte coverage. Pearson correlations for some measures are listed in Table 4 .
DISCUSSION
A major observation in the present study was the high prevalence of degenerating and disintegrated pericyte processes in the iNPH biopsies when compared with Ref tissue. A striking feature was that the pericyte processes, but rarely the cell bodies, were degenerating or disintegrated in 85% of the iNPH biopsies (Table 3 ). However, 3/7 biopsies from epilepsy patients showed as well signs of pericyte process degeneration and that was also true for the 2 biopsies from aneurysm patients and 1 from a tumor cerebri. Another major finding was that our results disclosed lack of significant differences in BM thickness and in pericytes coverage between iNPH patients and Ref subjects. Furthermore, the BM thickness increased with increasing age. However, none of the reported changes among either iNPH or Ref individuals are considered to be related to "healthy aging processes" (24) . We found no relationship between ultrastructure at capillary level and pulsatile or static ICP. Future research is necessary to further elucidate the complex events in the brain in iNPH.
Study Cohort
The study cohort included 27 iNPH patients with clinical and radiologic features of iNPH. The surgery group included 24 individuals who all had abnormal pulsatile ICP, and 24/24 patients showed clinical improvement following CSF diversion surgery. This compares with previous studies involving larger cohorts of iNPH patients (3, 15) . Hence, all individuals within the surgery group may be regarded as "true" iNPH since they presented with clinical, radiologic, ICP findings comparable with the disease, and further improved following CSF diversion surgery.
The 10 Ref individuals did not present evidence of CSF circulation failure. However, 7/10 Ref patients underwent surgery for long-lasting epilepsy, a disease known to be associated with increased frequency of pericyte ICP parameters recorded from ***11 PM to 7 AM. ICP. Data presented as mean 6 standard deviation. *Significant differences between groups were determined by independent samples t-test: p < 0.05. **Significant differences between groups were determined by independent samples t-test: p < 0.01.
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degeneration and of BM thickening (8, 21) . Studies on epilepsy specimens indicate accelerated brain aging in chronic epilepsy as in Alzheimer disease (25, 26) . In accordance with these studies, specimens from the histopathologically judged normal tissue of the epilepsy biopsies showed pericyte degeneration at a frequency of 37.8% (21) , being of the same order of magnitude as we found in the present study ( 
Ultrastructure of BM in iNPH
This is the first study exploring the ultrastructure of BM using EM in iNPH. Other researchers previously performed EM in childhood hydrocephalus and provided evidence of altered pericytes and vacuolization of BM (27, 28) . They suggested that vacuolization might be a compensatory mechanism to resolve the impact of hydrocephalus.
One methodologic issue regarding measurement of BM thickness is the plane of section, which might increase inaccuracy. While this is a methodologic limitation, the impact is probably reduced due to the high number of capillaries studied.
Increased BM thickness and vacuolization may be indicative of abnormality, and has been shown in arterial hypertension, diabetes, and brain edema (8, 22, (29) (30) (31) (32) (33) .
With regard to BM thickness, we differentiated between the BM peripheral to endothelial cells (BM E ) and to pericytes (BM P ). This is because both endothelial cells and pericytes FIGURE 3 . Electron micrographs of cerebral cortical capillaries from reference subjects. (A) The capillary is enclosed by a distinct BM. A red blood cell (RBC) and clot fill the lumen, which is bordered by a normal appearing endothelium (E). The 2 marked pericyte (P) processes show a normal structure. Astrocytic perivascular endfeet are swollen. Bar 2 mm. (B) The capillary lumen is bordered by a continuous endothelium (E) having a normal structure and is filled by a red blood cell (RBC) and clot. The pericyte processes (P) show a normal morphology. A few scattered vesicles (red arrows) are seen in the BM (red arrow). The astrocytic endfeet are in parts swollen. Bar 2 mm. (C) The BM encircling the capillary is enlarged when compared with the BM between the E and P. The marked pericyte (P) process to the right is filled with filaments. Enlargements with debris are seen in the thickened BM (red arrows). Continuous endothelial lining of the lumen (Lu). Bar 2 mm. (D) The capillary lumen (Lu) with clot fragments is bordered by a continuous endothelial cell lining (E). A normal-appearing pericyte process is seen to the lower right (P) contrasting to the folded P process to the upper right, which form a "peg in socket", entering the E through the BM enabling close communication and interaction between E and P cells (21) . Vesicles in the BM marked by red arrows. Bar 
share the same BM. The BM thickness was measured at least 6 times around the circumference of the vessel. It should be noted that the endothelial cells, pericytes and astrocytes, the latter through their endfeet, produce components of the BM (8, 24, 32) . We found no significant differences in BM thickness between iNPH patients and Ref individuals. This is likely due to that among the Ref biopsies there were 7 epilepsy patients, a disease known to be associated with accelerated brain ageing and thickened BM (8, 21, 25) . This does not, however, exclude that thickening of BM in iNPH could constitute part of the disease process as that has been reported for other dementia diseases (22, 26) . The literature provides scarce information about BM thickness in humans. Castej on reported that BM thickness ranged between 71.97-191.90 nm in moderate brain edema and ranged 206.66-404.22 nm in patients with severe brain edema (31) . For comparison, capillaries in the normal adult human retina, which constitutes a part of the brain, have a BM thickness of 292 nm (33) . Further, the BM thickness (BM E ) was above 200 nm in 23/27 (85%) iNPH cases and 3/9 (33%) Ref individuals. Further, the BM P was above 200 nm in 20/27 (74%) iNPH cases and 5/9 (56%) Ref subjects.
It should be noted that BM thickness might focally have been affected by degeneration features of pericytes and endothelial cells. These areas were omitted from analyses, but we consider that these restricted areas only could have altered the numerical values for the BM thickness and coverage to a minor extent.
The BM is an extracellular matrix consisting of molecules such as collagen, laminin, agrin, perlecan, and fibronectin (19, 22, 24) . These molecules interact with molecules such as the dystrophin-associated protein complex (DAPC), located in the perivascular astrocytic endfeet. DAPC serves as anchor to the water channel AQP4 and the potassium channel Kir4.1, and may have a crucial function in water-and potassium homeostasis (34) . Dystrophin-deficient mice (mdx mice), a disease model of Duchenne muscular dystrophy, present with cognitive impairment and increased thickness of cerebral capillary BM (35) . Furthermore, besides thickening of the BM, the DAPC is disrupted in patients with chronic mesial temporal lobe epilepsy, a condition that is also associated with cognitive impairment (21) .
The BM of human cerebral and most evidently retinal capillaries is known to display increasing frequency of splitting and vacuolization with age (33, 36) . In humans, entirely 
Increasing Basement Membrane Thickness With Age
Given that iNPH patients were significantly older than our Ref individuals, some of the BM thickness in iNPH may be age-related. A large body of evidence from animal (30, 37) and human (22, 33, 36, 38) studies support the view of increasing BM thickness with increasing age. The present data add to previous observations by showing significant positive correlation between age and BM P and close to significant correlation with BM E .
Increasing thickness of BM may be linked with impaired nutrient supply to the brain, which may underlie the age-dependent cognitive impairment (24) . Neither the cell type(s) responsible for the BM thickening nor the chemical composition of the BM is known. The mechanisms triggering such abnormality of the BM are incompletely known, hampering the development of therapeutic measures (24) .
In rodents, the circulation and clearance of the CSF and the interstitial fluid as well as of the glymphatic system becomes impaired with increasing age and at diabetes (39, 40) . It may be speculated that increasing BM thickness causes impaired glymphatic circulation.
Evidence of Pericyte Degeneration in iNPH
Pericytes have a wide range of physiologic roles, such as inducing the BBB during embryogenesis (41, 42) and regulating blood flow within the cerebral microvasculature (6, 8) . Pericyte dysfunction is demonstrable in diseases such as neurodegeneration and dementia (8, 43) . In platelet-derived growth factor receptor b (PDGFRb) mutant mice with reduced pericyte coverage, a significant correlation between BBB permeability and loss of pericytes was found, providing evidence that the extent of pericyte coverage determines the relative permeability of central nervous system vessels during development (41) . Pericytes may be involved in regulation of AQP4 expression, thus being crucial for cerebral water household (44) .
Human cerebral capillary pericytes are prone to degenerate but may as well turn reactive at a multitude of diseases and injuries. Extensive pericyte abnormalities are frequent in neurodegenerative disorders like Alzheimer disease and Parkinson disease (8, 9, 22, 26, 32) and in therapy-resistant intractable temporal lobe epilepsy of long duration (8, 21) . Traumatic brain injury and stroke are associated with loss of pericytes, but may also induce pericyte detachment from vessels and such cells are considered to eventually take part in reactive gliosis (8, 45, 46) . Further, pericytes have been disclosed to be involved in neuro-inflammatory and hemodynamic reactions (8, 47) .
Our results indicate that the pericytes are moderately to severely disturbed in iNPH, as the pericyte processes were affected to about the same extent as those in brain parenchyma in advanced Alzheimer disease and in long-standing therapy-resistant intractable temporal lobe epilepsy (Table 3) . The high prevalence of degenerating pericyte processes among our Ref subjects having epilepsy was thus as could be expected based on literature reports (8, 21) . Both our cases having aneurysm surgery similarly showed pericyte process degeneration, likely reflecting the consequence of the disease process and required neurosurgery, as expected based on reports of cases suffering stroke and traumatic brain injury (8, 45, 46) . A true normal brain biopsy is likely to have a low occurrence of pericyte pathology, but was not available. We found no significant differences in pericyte coverage between iNPH and Ref individuals. Pericyte coverage is a measure of the proportion of the capillary tube that is covered with pericytes, which in the brain may be high (>70%-80%) (48) . Reduced coverage may be indicative of pericyte degeneration or dysfunction. A lower normal threshold has not been established. In the present study, pericyte coverage was at the group level 60.1% 66.7% in iNPH patients (surgery group), while 55.4% 68.7% in Ref individuals. PDGFRb þ/À mice develop a moderate, 25%, loss of the pericyte coverage of the brain capillary wall and suffer diminished capillary cerebral blood flow response to neuronal stimuli, which results in neurodegenerative changes (12) . At iNPH the cerebral blood flow is hampered (4, 49) and there is a low grade of cerebral ischemia and metabolism (17, 49) . Further, pericytes may as well regulate expression of AQP4, which is crucial for cerebral water household (8, 34, 44) . In our opinion, it is likely that the degeneration and disintegration of pericyte processes may impair the supply of the brain with metabolites and oxygen, contributing to the slowly evolving neurodegeneration at iNPH.
The extent of pericyte degeneration as well as the increase in thickness of the BM, as demonstrated in the present study, are unexpected findings that require further studies. Quantitative studies including measurement of the BM area and the number of degenerating cells as well as cell organelles and processes are in planning to extend and assess the importance of such changes for the development and progress of iNPH. The complex role of pericytes in the human brain normally and in neurodegenerative diseases needs further elucidation.
Cerebral Capillary Abnormalities and the Pathophysiology of iNPH
The present results showed impaired structure of cerebral capillaries in iNPH, primarily reflected as a high proportion with signs of BM hypertrophy and degeneration of pericytes processes. Our data further suggest a vascular genesis behind iNPH. The prevalence of cardiovascular disease and diabetes is increased in iNPH (5). However, the reported capillary changes could be demonstrated in brain biopsies from iNPH patients both with and without cardiovascular disorders and/or diabetes.
Hypertrophy of the BM may be linked with altered paravascular transport of fluid and solutes. Available evidence indicates that the interstitial fluid, and in parts also the CSF, is drained out of the brain along BM of blood vessels (14, 39, 40, . However, it is not known to what extent thickening of the BM may influence this outflow system. The increased dimensions and complexity of the BM may in parts be agerelated phenomena but could as well be secondary to other processes.
In iNPH degeneration of pericytes may affect the cerebral blood flow. In iNPH the cerebral flood flow is reduced, creating a low-grade subischemia in the brain parenchyma (4, 8, 17, 49) . The pericytes in the brain have the ability to synthetize and release the red blood cell promoting hormone erythropoietin at increased level at hypoxia, as demonstrated in experimental systems (53) . The brain parenchyma in iNPH patients has been demonstrated to be in a state of subischemia, turned to a more normal level at surgical CSF diversion (17, 49) . The beneficial effects of the CSF diversion on the brain's blood circulation in iNPH indicate that the vascular changes documented in the present study likely contribute to the pathogenesis.
Conclusions
The present study revealed extensive prevalence of pericyte-process degeneration and disintegration in the iNPH biopsies as well as in several of the Ref specimens. However, there was no significantly different BM thickness or pericyte coverage in iNPH patients with CSF circulation failure, when compared with Ref individuals without CSF circulation failure. Our findings further support previous reports that thickness of BM increases with increasing age. The study did not provide evidence that ultrastructural changes in pericytes and BM relate to alterations in pulsatile ICP, which characterize iNPH patients responding to CSF diversion. Extended studies are required to further elucidate the importance of the reported 
